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ABSTRACT 
This study has resulted in an improved design of a Photoheliograph 
compatible with an ATM class mission. Previous work was reviewed 
and critical problem areas were aniilyzed. The system requirements 
were configured into three modules: the telescope, instrumenta- 
tion, and support modules. The telescope module performs the 
function of imaging a portion of the Sun f o r  measurement by the 
complement of data cameras in the instrumentation module. The 
electrical and electronic management equipment is contained in the 
support module. The Photoheliograph is compatible with the ATM 
and also with other carriers of major scientific hardware. The 
Photoheliograph system can be developed using present technology 
and could be available for a 1976 mission. 
The final report on the study is presented in four volumes: 
Volume I - Executive Summary 
Volume I 1  - Detailed Technical Report 
Volume I11 - Development Program Plan 
Voluine IV - Development Program Cost Estimates 
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S e c t i o n  1 
I N'1' 110 1)I.J C'1' i 0 N 
The space  Photohel iograph  has  bccn  the  clrcam o f  s o l a r  a s c L  + *oliomers 
s i n c e  t h e  dawn of  t h e  space  age .  I~roin :il)ovc t h e  Earth 's  atmo- 
s p h e r e  t h e  Sun ' s  f e a t u r e s  can be  obscrvcd  i n  f i n e  d e t a i l ,  l i m i t e d  
on ly  by c h a r a c t e r i s t i c s  o f  t h e  t e l e s c o p e .  1)r. H .  Z i r i n ,  o f  
C a l i f o r n i a  I n s t i t u t e  o f  Technology, has f o r  many y e a r s  been 
spearheading  t h e  development of t h e  space  Photohel iograph .  A s  
t h e  c a p a L i l l t y  t o  o r b i t  l a r g e  payloads  made a s i g n i f i c a n t l y  l a r g e  
space  Photohel iograph  p o s s i b l e ,  D r .  Z i r i n ' s  concep t s  evolved  t o  
t h e  p o i n t  t h a t  a f e a s i b i l i t y  s t u d y  was r e q u i r e d .  T h i s  was p e r -  
formed by D r .  Z i r i n ,  h i s  s t a f f ,  and a t a s k  f o r c e  a t  t h e  J e t  
P ropu l s ion  Labora tory  (JPL) i n  1967. Th i s  s t u d y ,  a l though p r e -  
mature ly  t e rmina ted  i n  1.968 due t o  l a c k  of  funds ,  d i d  i n d i c a t e  
t h a t  a space  Photohel iograph  was f e a s i b l e ,  and t h a t  t h e  major  
t ech f lo log ica l  problems cou ld  be  eng inee red .  
Development of t h e  space  Photohel iograph  cont inued  i n  1969  w i t h  
t h e  f a b r i c a t i o n  of  a 65 -cen t ime te r  t e l e s c o p e  based  on t h e  con- 
c l u s i o n s  of  t h e  JPL s t u d y .  Th i s  e n g i n e e r i n g  model i s  be ing  b u i l t  
by B a l l  Bro the r s  Research Corpora t ion  f o r  D r .  Z i r i n  and w i l l  
undergo tests and e v a l u a t i o n  i n  t h e  near f u t u r e .  
Th i s  D e f i n i t i o n  Study has  r e s u l t e d  i n  f u r t h e r  a n a l y s i s  o f  c r i t i c a l  
des ign  areas  and i n  an improved d e s i g n  concept  f o r  t h e  Photo- 
he l iog raph .  The t r a d e - o f f  r e s u l t s  and t h e  d e s i g n  concept  a re  
p r e s e n t e d  i n  Volume I 1  of  t h i s  F i n a l  Report .  Volume I i s  t h e  
Execut ive  Summary o f  t h e  s t u d y .  
Th i s  volume o f  t h e  F i n a l  Report  f o r  t h e  Photohel iograph  Def in i -  
t i o n  Study con ta ins  t h e  Development Program P lan  cove r ing  Phase C 
1- 1 
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(Design) and Phase D (Development/Operations). This overall 
Program P l a -  contains the planning f o r  the major activities 
during Phase CGD: engineering, manufacturing, and test, as 
well as support and management functions. 
analysis of the Phase CGD schedule is i i i c l u d c d ,  covering the 
feasibility of meeting the program a i i  I c ~ s t o n c s .  
In addition an 
The supporting c o s t  data for t h i s  P--~gr:irn Illan arc cnnta ined  in 
Volume IV. 
1 - 2  
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Section 2 
SUMMARY DISCUSSION 
Development of the CIT Photoheliograph for a Skylab/ATM mission 
will require a comprehensive program of design and development 
operations. Such a program has been planned during this stxdy 
to sufficient depth that its feasibility is well established. 
The overall plan is based on several major programmatical guide- 
lines: 
0 Second quarter, 1976 launch 
0 Three complete svstems - DesignqVerification 
Unit, Proto-Flight and Flight Unit 
0 Reliability goals f o r  Category I1 - Mission 
success equipment 
e Forty-five ( 4 5 )  month program duration. 
The program activities divide into two major categories: 
(1.) Operations 
0 Engineering 
0 Fabrication 
0 End-Item Integration and Test 
( 2 )  Planning and Control 
0 Reliability and Quality Assurance 
0 Configurztion Marlagement 
0 Administration. 
2-1 
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These activities and the three hardware systems have been 
combined into a project structure that is the basis for the 
program planning. T h i s  structure was built into a five-level 
Work Breakdown Structure (WBS) incorporating all gajor instrument 
assemblies con,:eived during the design phase of this study. From 
this WBS, the prograln activity plans vere generated 10 define the 
detaiied :'-ogram milestones. These plans are described in 
Section 
Using the WBS and program activity plans, logic diagrams w w e  
generated covering all work efforts required for the program. 
These logic diagrams were formulated into PERT networks and time 
estimates were made for each activity. Analysis of the logic 
paths was performed to determine the critical program paths. 
This analysis was iterated until the total program k 3 s  well 
balanced in terms of manpower and resaurc3s utilization, as weli 
as funding requirements. 
By means of  this detailed pros ,n planning, we have identified 
the "longest" work paths in the progrsm. Analysis of  these paths 
has shown that the design and fabricatlon e € h r t  can be accomplish- 
ed within the 45-month program schedule. Tilerefore, since all 
other work effort has considerable contingency time, we conJude 
that the Uevelopment Program Plan is very feasible and should 
present no major schedule Froblems. 
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S e c t i o n  3 
PROGRAM REQUIREMENTS 
3.1 PROGRAM PLAN 
The o v e r a l l  Phasc  C.41) Progr:im Plan f o r  thc Photohcl iograph  i s  
d e p i c t e d  i n  Fig. 3-1 . ‘I’hc major a c t i v i t i c s  (cnginccring, f a b r i c a -  
t i o n ,  t e s t ,  and progr;im mmngcment and c o n t r o l s )  ;irc divfdcd i n t o  
t h e  system d e s i g n  e f f o r t ,  d e t a i l  des ign ,  and t h c  DVlJ, P r o t o - F l i g h t  
and F l i g h t  U n i t s  t o  be produced. The r e l a t i v e  schedule  r e q u i r e -  
inents and t h e  major mi l e s tones  f o r  each o f  t h e s e  a c t i v i t i e s  a r e  
a l s o  shcwn i n  t h e  f i g u r e .  
Four b a s i c  p r o j e c t  management s teps  have been employed i n  o rgan iz -  
i ng  t h e  program p l a n  f o r  Phase C6D. These are: 
0 A work breakdown s t r u c t u r e  (WBS) f o r  Phase CGD 
was developed. 
0 Work packages were developed. These work packages 
c o n s t i t u t e  t h e  lowest leve l  of the  WBS, and are 
i d e n t i f i a b l e ,  measurable  u n i t s  of work r e q u i r e d .  
0 The work l o g i c  networks were developed based  on 
t h e  i n t e g r a t e d  arrangement o f  a l l  work packages 
con ta ined  i n  t h e  WBS. 
0 The schedule  was developed based  on t h e  i n t e g r a t e d  
summary of  t h e  time r e q u i r e d  t o  a c a m p l i s h  each  
work package. 
The wor!. breakdown s t r s c t u r e  (WBS) f o r  Phase C$D, F i g .  3-2,  i s  
p r i m a r i l y  o r i e n t e d  t o  a hare-  e:;\down, based upon t h e  concep- 
t u a l  des ign  of t h e  Photc’tc. \ developed under  this s t u d y ,  
3-1 
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The o b j e c t i v e s  of the Phasc ChIl Program wcrc t h c  major c o n s i d e r a -  
t i o n  i n  evolv ing  t h e  WBS. J,cvcl 2 of  tlic WRS i d c n t i f i e s  t h e  major 
des ign  o b j e c t i v c s ,  end- i tems  t o  hc produwcl, and t h c  management 
and c o n t r o l  a c t i v i t i e s  r e q u i r e d .  1i;ic.h o f  t h c  major o h j c c t i v e s  a t  
Level 2 i s  brokcn down i n t o  i t s  morc d c t a i l c d  cornponcnts, as 
a p p r o p r i a t e .  T h i s  approach t o  t h c  WBS a s s u r c s  that, t h c  major 
o b j e c t i v e s  arc f u l l y  suppor ted  by t h e  lower l e v e l  o b j e c t i v e s .  
T h i s  f u r t h e r  a s s u r e s  t h a t  t h e  WBS is f u l l y  i n t e g r a t e d  and t h a t  
each p a r t  of t h e  p r o j e c t  is c o n s i s t e n t  w i t h  and r e l a t e d  t o  t h e  
p r o j e c t  as a whole. 
The f o u r  b a s i c  s t e p s  taken  t o  c r g a n i z e  t h e  Phase CGD Program s e r v e  
as t h e  b a s i s  f o r  t o t a l ,  i n t e g r a t e d  p lanning .  The l o g i c  networks 
(PERT) have been s t r u c t u r e d  t o  provide  a c o r r e l a t i o n  ( i n c l u d i n g  
numerical  coding)  of t h e  t a s k s  i n  t h e  WBS t o  t h e  spec i f ic  work 
a c t i v i t i e s .  F igu re  3-3 i l l u s t r a t e s  t h e  c o r r e l a t i o n  of  t h e  WBS 
t a s k s  t o  t h e  PERT a c t i v i t i e s .  This uniform d a t a  base  w i l l  make 
SYSTEM 
DESIGN 
TYPICAL WBS WORK 
MIRROR PRIMARY /- PACKAGE (TASK) 
"-" 
-1 
CORRELATION 
# 
f 1 
PRIMARY MIRROR 
$ 
-1 
I 
i. 
-1 i 
i 
3 
I 
_ _ ~ ~  ~ 
F i g .  3-3 C o r r e l a t i o n  of WBS T a s k s  t o  PERT 
3 - 4  
I -   
F 7 1 - 0 2  V o l .  I11 
I 
i 
e 
li 
i t  p o s s i b l e  t o  o b t a i n  c o n s i s t e n t ,  t i m e l y  and a c c u r a t e  program 
s t a t u s  throughout  Phase C h D .  Accomplishment o f  t h i s  i n t e g r a t e d  
p l ann ing  al lowed t h e  use  o f  computer-based management t e c h n i q u e s  
t o  de te rmine  t h e  Phase CGD schcdu le  and c o s t  d a t a .  
Development o f  t!tc s p e c i f i c  pliltls  f o r  the major Phase CGD Program 
a c t i v i t i e s  i s  based on t h e  abovc plitnning. The p l a n s  f o r  t h e s e  
major a c t i v i t i e s  g e n e r a l l y  c o r r e l a t e  t o  t h e  major e lements  of  
work a t  Level 2 o f  t h e  WBS arid, t h e r e f o r e ,  s e r v e  e s s e n t i a l l y  as 
major t a s k  d e s c r i p t i o n s .  P l a n s  are  inc luded  f o r  Eng inee r ing ,  
Manufactur ing,  Test ,  R e l i a b i l i t y  6 @ u a l i t y  Assurance,  Conf igura-  
t i o n  Manapment and A d m i n i s t r a t i o n  (Pa r s .  3 . 3  th rough 3 . 8 ,  
r e s p e c t i v e l y ,  be lowj .  These p l a n s  d e p i c t  t h e  s i g n i f i c a n t  work 
elements  o f  each o f  t h e  major  a c t i v i t i e s ,  as r e l a t e d  t o  t h e  ove r -  
a l l  s chedu le .  A b r i e f  d i s c u s s i o n  of  f a c i l i t i e s  r equ i r emen t s  i s  
inc luded  i n  Pa r ,  3 . 9 ,  and program management f o r  Phase CbD i s  
d e f i n e d  i n  Par. 3 .10 .  
A d i s c u s s i o n  o f  p o s s i b l e  Suppor t ing  Research and Technology (SRT) 
i s  contFined  i n  Par.  3 . 2 .  The a r e a s  d i s c u s s e d  r e p r e s e n t  t h e  more 
s i g n i f i c a n t  t e c h n o l o g i c a l  advancements involved  i n  t h e  Pho tohe l io -  
graph d e s i g n ,  and a re  t h e r e f o r e  i d e n t i f i e d  a s  p o s s i b l e  SRT items. 
3 . 2  SUPPORTING RESEARCH AND TECHNOLOGY (SRT) AND DIFFICULT 
TECHNOLOGY 
There a r e  s e v e r a l  d i f f i c u l t  t echnology a r e a s  r e p r e s e n t e d  i n  t h e  
Photohel iograpk .  None of  t h e s e  i s  c l e a r l y  beyoni! t h e  s t s t e - o f -  
t h e - a r t ,  b u t  development problems could  r e p r e s e n t  a r i s k  b o t h  i n  
s chedu le  and c o s t .  For an optimum approach i n  t h e  p l ann ing  o f  
t h e  Phase CGD Photohel iograph  prcgram, a d d i t i o n a l  e a r l y  deve lop-  
ment work  s h w l J  be  performed i n  t h e  fo l lowing  a r e a s :  
'f 
5 
b > 
3 - s  
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a The H-alpha f i l t e r  and t h c  u n i v c r s a l  f i l t c r  ha-;e 
n o t  y e t  been packaged f o r  a-pilcc f l i g h t .  Sirice 
t h e  H-alpha f i l t e r  can h c  v i c w c x l  as a s i m p l i f i c d  
v e r s i o n  of  t h e  u n i v e r s a l  P i  I t c r ,  c o n c c n t r a t  i o n  
should  be 011 t h e  u n i v e r s a l  filtcr. Wc rccommcnd 
n e a r l y  program t o  d c f i n c  p ropc r  approaches f o r  
packaging an# c o n t r o l  of f l i g h t - q u a i i t y  u n i v e r s a l  
f i l t e r s  . 
0 The m i r r o r  c o a t i n g s  have n o t  y e t  bee r  used  i n  an 
a p p l i c a t i o n  such a s  t h a t  o f  t h e  Photchc l iograph ,  
where a twelve-monxh l i fe t ime,  thermal  c y c l i n g ,  
and :s igh u l t r a v i o l e t  r e f l e c t a n c e  w i l l  be  r e q u i r e d  
o f  t h e  pr imary  m i r r o r ,  While w e  feel  t h a t  adequate  
c o a t i n g s  can b e  made, s c l i d  knowledge of  t h e  o p t i c a l  
and thermal  performance o f  t h e  pr imary  m i r r o r  c o a t -  
i ng  i s  mandatory, and t e s t i n g  under  s imula t ed  
o r b i t a l  c o n d i t i o n s  b v i l l  b e  l eng thy .  We a d v i s e  an 
e a r l y  e f f o r t  t o  d e f i n e  t h e  d e t a i l s  of t h e  c o a t i n g  
and t h e  p r o c e s s  f o r  i t s  a p p l i c a t i o n ,  f q l l o w e l  by  
t e s t i n g  i t  under sirnulaccd o r b i t a l  c o n d i t i o n s .  
a Image motion c o n t r o l  systems have b e m  b u i l t  which 
a r e  s i m i l a r  t o  t h a t  advocated here ,  b u t  none have 
r e q u i r e d  t h e  p r e c i s i o n  which w e  need f o r  t h i s  
a p p l i c a t i o n .  An e a r l y  b r a s s - b o a r d  progran  f o r  
t h e  image motion t rackcr  woiild h e l p  uncover e n g i -  
n e e r i n g  d i f f i c u l t i e s  which could  d e l s y  a f l i g h t  
program. 
a To a lesser  e x t e n t ,  ccn f idence  i n  t h e  focus  d e t e c -  
t i o n  system scheme would a l s o  b e n e f i t  from an 
e a r l y  b r a s s - b o a r d  model. The focus  d e t e c t i o n  
b ras s -boa rd  coulG share some key components w i t h  
t h e  h a g e  motion c o n t r o l  brass-bo;rd.  
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0 The use of television cameras for the Photohelio- 
graph's prime data would eliminate the need for 
EVA'S by the astronauts, permit the principal 
investigator t o  interact much more closely with 
the instrmcnt, and better lend itself t o  remote 
operntion of  tlic entire instrument. The lack of  
a television umcra having sufficiently high resolu- 
tion is the major impediment to this approach. 
An early devclopcnt program €or such a camera 
would greatly increase the prospective versatility 
of  the Photoheliograph, and the camera would un- 
doubtedly be usable OR other optical systems in 
space . 
3 . 3  ENGINEERING PLAN 
This plan defines the engineering effort shown in the program 
plan, Fig. 3-1. The engineering plan covers systems design, 
detail design, design verification, end-item qualification, 
reliability End sustaining engineering. 
are shown in Fig. 3-4 .  
Thesz program elements 
? 
3 . 3 . 1  Systems Design 
The systems design effort starts with Phase C go-ahead and con- 
tinues throughout the program until delivery of the Flight Unit. 
This includes the preparation and updating o f  system and sub- 
system specifications, surveillance of detail design, production 
processes and end-item t e s t  planning, approvai of released draw- 
i n g s ,  participation in design reviews, end-item testing evaluation 
corrective actions by the Material Review Board (MRE) and other 
sustaining engineering activities. Systems design ensures that 
the scientific objectives are met by the instrument system and 
that the design will interface smoothly with the ATM. 
3-7  
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Fig. 3 - 4  Engineering P l a n  
The initial guideline for perfGrming the system design effort 
is the End-Item Specification (EIS), which is the product of 
a complete Phase B preliminary design. From the EIS, the sub- 
system specifications are generated. T5roughout the detail 
design effort, design reviexs will maintain a system orienta- 
tion to the effort. The major reviews are the preliminary design 
review (PDR) anc! the critics1 design review ( C O R ) .  The Pr)R is 
held about mid-way through the des ign  phase, when the &?sign 
verification work is completed. 
tion o f  the qualification efforts on the Proto-Flight IJnit. 
System design efforts provide the structure throughout the program 
that ensures a balanced design and colnpliance with the scientific 
specifications. 
The CDR is held at the comple- 
3 - 8  
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3 . 3 . 2  Detail Design  
The detail desigli effo-t starts with the re lease  o f  subsystem 
c2ecifications and continues thmughout the program u n t i l  delivery 
of the Flight Unit. This includes detailing of ; i l l  r,:irts and 
preparation of all drawings and procurement spccifications, both 
for development items and flight-hardware rclcases. Iricludcd 
in this effort is the performance of breadboard ar,d design vcri- 
fication tests. The major milestones shown in Fig. 3 - 4  arc thc 
control points for performing the detail design. These arc:  
(1) development release; ( 2 )  PDR; ( 3 )  final release; ar.d { 4 )  CDR. 
The Design Verification Unit (DVU) is manufactured t o  the develop- 
ment release drawings, and the results of the DVU test program 
are the main input to the PDR. Similarly, the Proto-Flight Unit 
is manufactured to the final release drawings, an6 the restlts 
of the qualification test program are the main inputs to the CDR. 
As the design evolution proceeds, the change control also changes 
from a general control at the development release milestone to a 
specific, tight control after the CDR milestone. In such a design 
evolution, tke mgineering changes will originate from the customer, 
the designer, or as a result cf Material Review Board action core 
recting a discrepancy or a failure. Such engineering changes 
must be efficiently accomplished throughout the program, and the 
mechanisms for configuration management are discussed in that 
control plan, Par. 3.7. 
3 . 3 . 3  Design Verification 
One of the key steps tcwards achieving the high reliability 
required of the Flight Unit i; t o  perform a series of design 
verification tests on engineering har'ware early in the ~rogram. 
3-9 
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This is a major engineering effort and is included in this p l a n  
in the form of the fabrication and test of a DVU, as shown i n  
Fig. 3-4 .  The DVU will be fabricated to the development release 
dr.iwings, which is the first step in verifying the design by 
prol ing  that it can be fabricated. 
A variety of in-process tests will be conducted on the IIVII hard- 
ware at the assembly levels to investigate specific d c s i g n  
questions. Mor? extensive design feedback will come from the 
complete system tests, which will include environmental and 
functional checkcut similar to that planned for erd-item qualifica- 
tion. Two D W  balloon missions are planned as end-to-end verifica- 
tion that the design will yield the desired scientific data under 
orbital conditions. All changes resulting from the design 
verification activities will be used as inputs for upgrading the 
design before release of the final drawings. 
3 . 3 . 4  End-Item Qualification 
The final major engineering function performed on t 3 s  program is 
the complete qualificatiofi of the end-item design. This qualifica- 
tion is performed on the Proto-Flight end-item. T1.e Proto-Light 
Unit is fabricated to the final release drawings; thus, the 
qualification is of the flight design. The qualification criteria 
are established in the End-Item Specification, and consist prixarily 
of a series of environmental and functional system level tests. 
Since the Proto-Flight is a deliverable flight-quality end-item, 
these tests are controlled as required to maintain the reliability 
goals. The results of the qualification tests are the final major 
upgrading of the design and lead to the CDR. 
3 . 3 . 5  Re: iability Engineering 
Reliability engineering is a major input to the design effort on 
this progran. The selection of piece-parts that meet the high 
3-19 
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r e l i a b i l i t y  s t a n d a r d s  i s  e s s e n t i a l  I f  t h c  svstem's r e l i a b i l i t y  
goa l s  a re  t o  b e  met. R e l i a b i l i t y  specialists provide  a systcmc: 
overview a t  a l l  des ign  rev icws  and  1 ~ y  s i ! : i ~ : i t i i r c  w t h o r l t y  on 
f i n a l  re lease drawings.  A F a i l u r c  M o d ~ b s ,  l iP I -ccts  and C r i t i c a l i t y  
Ana lys i s ,  P a r t  I ,  w i l l  be performccl t o  c'nsurc t h ; i t  t h e  system 
r e l i a b i l i t y  goa l  can b e  met w i t h  thc  r c l c a s c d  d c s i g n .  R e l i a b i l i t y  
eng inee r ing  i s  performed throughout  t h e  program d u r a t i o n ,  s t a r t i n g  
wi th  t h e  systems des ign  and ex tending  through end- i tem t c s t  
s u r v e i l l a n c e ,  where f a i l u r e  a n a l y s i s  i s  performed and c o r r c c t i v c  
a c t i o n  de f ined .  
3 . 3 . 6  S u s t a i n i n g  Engineer ing  
Following t h e  CDR, a s u s t a i n i n g  eng inee r ing  e f f o r t  i s  r e q u i r e d  
t o  p rov ide  suppor t  f o r  f i n a l  a l ignment ,  c a l i b r a t i o n ,  and acceptance  
t e s t i n g  o f  t h e  end-i tem.  Any r e q u i r e d  d e s i g n  changes approved 
by t h e  Change Con t ro l  Board t h a t  a r i se  a f t e r  t h e  CDR, must b e  
i n c o r p o r a t e d  i n  t h e  des ign  b a s e l i n e .  Th i s  a c t i v i t y  a l s o  p rov ides  
t e c h n i c a l  c o n t i n u i t y  i n t o  t h e  f i e l d  suppor t  phase ,  i f  r e q u i r e d .  
3 . 4  MANUFACTURING PLAN 
This  p l a n  d e f i n e s  t h e  manufac tur ing  r f f o r t  shown i n  t h e  program 
p l a n ,  F ig .  3 - 1 .  The manufac tur ing  pl;*.n covers  t h e  procurement 
f o r  t h e  f a b r i c a t i o n  c f  t h e  DVU, P r o t o - F l i g h t  an< , i g h t  Uni t  
end- i tems .  Assembly and i n - p r o c e s s  t e s t i n g  are  inc luded  up t o  
t h e  b lack-box l e v e l .  System and/or  end- i tem assembly and t e s t s  
a r e  inc luded  i n  t h e  Test P lan ,  P a r .  3.5. The major . , lanufactur- 
i ng  e f f o r t s  are shown i n  F ig .  3-5. 
3 . 4 . 1  Product ion  Engineer ing  
The p roduc t ion  engineeTing e f f o r t  i s  r e q u i r e d  t o  ensu re  p r o d u c i b l e  
des igns  and t o  provide  t h e  product ion  s u p e r v i s i o n  throughout  t h e  f a b r i  
c a t i o n  phase .  T h i s  e f f o r t  s ta r t s  d u r i n g  t h e  system d e s i g n  e f f o r t  
i > 
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PRODUCTION ENGINEERING 
I9?f 1 I , I 9 7 2  I I , 19173 , I 1974 , I , J9?5 
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PROCUREMENT FABRICATION I 
Fig. 3-5 Manufacturing P l a n  
described in Par. 3.5, and will continue until the Flight Unit 
end-item is delivered. 
ipate in the system design evolution, as well as in the detail 
design efforts, to advise the designers as to feasible production 
techniques. Upon receiving released drawings, the fabrication 
effort for each end-item is planned in detail. 
procurement, fabrication and assembly work i s  managed by produc- 
tion engineering personnel, t o  ensure that the assemblies that 
lnake up the system are manufactured to the design drawings and 
meet required quality standards . 
Production engineering personnel partic- 
The flow of the 
3 . 4 . 2  Procurement 
The procurement activities on this program require extensive 
surveillance to ensure that the hardware used in the end-item 
‘I 
‘:I 
‘1 
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buildup is that called out in the design and  by the quality 
standards. The procurements will v a r y  froin standard piece-parts 
to highly sophisticated subcont r i 1 c - t  i t ('111s st1c.h a s  the primary 
mirror and spectral filters. ' 1 % ~  i i i i i k t b - o r - h u y  plan that i s  
effective OF, this program w i l l  11c iistbd :is carly guidcline 
for procurement planning, a n d  fccd1~:ick horn vcndorb wi 1 1  be 
required before the designs c:in hc? c o i ~ p l c t c d .  The major sub- 
contracts required for t he  proRr;iiii w i l l  h c  negotiated and con- 
trolled in accordance with standard acrospace practice-r. Vendor 
surveillance and receiving inspection o f  procured parts will be 
performed in accordance with the quality assurance plan in 
Par. 3 - 6 .  Similarly, the traceability o f  all parts will be 
maintained by storage in a bonded area until used in an assembly, 
in xcordance with the quality assurance plan. 
In most cases, procurement for the DVU will precede that for the 
Proto-Flight and Flight Units. Since the DVU hardware does not 
require end-item reliability, some compromises may be possible 
in the procured parts. However, in order to achieve the maximum 
feedback for design verification, every attempt must be made to 
obtain and use the designated high-reliabiiity parts. Procure- 
ment for the Proto-Flight and Flight Units must adhere to the 
design requirements, and will includz sufficient production spares 
to ensure completion of the end-items. 
3 . 4 . 3  Fabrication and Assembly 
Fabrication and assembly of the parts and assemblies of each end- 
item is the major fuiiction covered by the manufacturing plan. It 
starts with receipt of the piece-parts of materials and extends 
through the successful completion cf each assembly or  subsystem. 
These activities involve specialized fabrication processes 
associated with mechanical, electrical and opLical shops. In 
addition, specialized facilities are required to support these 
activities. 
I ,  
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The mechanical fabrication processes and facilities requirements 
are : 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Turning lathes 
Milling machines 
Rotary tables 
Boring mills 
Electron beam welding 
Riveting 
Grinding 
Precision boring 
Metal finishing 
Lubrication 
Welding 
Cleaning 
The electrical fabrication processes and facilities requirements 
are : 
Soldering 
Welding 
Solid-state 
Video 
Potting 
Transformer winding 
Wiring 
Printed wiring boards 
Motors 
The optical fabrication processes and facilities requirements are: 
0 Cer-Vit figurina (26-irxh parabola) 
0 Silver mirror coating 
0 Diffraction-limit measurement 
0 Filters 
7 
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All assembly work will b e  performed in controlled-access clean 
rooms, varyicg from good housekeeping for mechanical parts to 
Class 10,000 for electronic and optical parts. 
Material traceability and opeyation certifications are not required 
on the DVU build, but are required on the Proto-Flight and Flight 
Units to meet the program quality standards. Similarly, in-process 
inspection is planned to ensure high-reliability parts and compli- 
ance with the design, and the quality plan provisions. 
All functional parts will be tested before installation in the full 
system, to eliminate infant mortality or workmanship problems. 
The test data from these tests will serve as design feedback and 
become part of the overall system history. 
3.5 TZST PLAN 
This plan defines the test effort shown in the program plan, 
Fig. 3-1, or as Tart o f  the engineering or fabrication plans. 
The major emphasis o f  this plan is on the end-item integration 
and testing, but all program testing is mentioned to maintain 
a consistent approach to testing and to ensure a complete hard- 
ware history of the program and its end-items. The major testing 
efforts defined in the program are: 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Breadboard/brassboard design tests 
Materials and processes design tests 
Reliability parts evaluation tests 
Reliability failure analysis tests 
Manufacturing in-process tests 
Optical component acceptance tests 
DVU system functional/environmental tests 
DVU system balloon flight tests 
Qualification tests 
3-15 
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PROCEDURE 
PREPARATION 
0 End-item functionti!. t.ests 
0 Ezd-item alignment/calibration tests 
0 End- item acceptance tests 
PROCEDURE 
VERI F I CAT1 ON 
3.5.1 System Integration 
The black-boxes and assemblies completed Lliring the fabrication 
phase of the program are integrated in this phase t o  coEylete 
the total Photohelicgraph svstem. 
planned and executed in the correct sequence. 
tests or measurements must be included in the integration efforts, 
This process must be carefully 
Some in-process 
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Checkout o f  all functional subsystems must be carefully cent rol Ic .11  
by  established procedures to ensure proper handling h c f o r c  power 
i s  applied and during powercd o p e r a t  i o n .  The in-process iRspcc-  
tion criteria established dtirinK t.hc fabricat ion  phase are carried 
over and applied during s y s t c m  integration. 
3 . 5 . 2  Calibration ;ind A 1  ignmcnt 
Some of  the Photoheliograph system's final chcckout  w i l l  incluclc 
calibration and alignment of  optical elements, filters and data 
cameras. Both  individual element calibrations and complete s y s t c m  
end-to-end alignments will be required. The facilities required 
for these operations will range from labcratory calibration 
facilities, to existing gromd-based solar observatories or large 
thermal vacuum facilities with a coelostat to bring the Sun's 
beam into the chamber or with artificial suns. As with the 
integration effort, these tasks on the Proto-Flight and Flight 
Units will be perf-rmed according to approved procedures and 
under quality ,urveillance. 
3 . 5 . 3  System Functional Tests 
System functional tests will be perfo:med on all units: to provide 
performance data for design feedback, in the case of the DVU; in 
the case o f  the Proto-Flight Unit, for qualificatim; and in the 
case of t h e  Flight Unit, for acceptance by the customer. These 
functional tests are repeated many times during tne course of the 
final Leckout, and the results form a baseline for later perfor- 
mance comparisons. The tests are controlled by established pro- 
cedures and additionally, by quality surveillance on the Proto- 
Flight and Flight Unics. The functional tests will exercise all 
Photoheliograph subsystems that can be operated in ground laborato- 
ries. 
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3 . 5 . 4  Design V e r i f i c a t i o n  Uni t  
V e r i f i c a t i o n  o f  t h e  Photohel iograph  d e s i g n  w i l l  be performed 
c s i n g  t h e  DVU f a b r i c a t e d  t o  t h c  clcvclopment r e l e a s e  drawings.  
I t  c o n s i s t s  o f  a s c i i c s  o f  func t ion : t l  a n d  cnvironmental  t e s t s  
s i m i l a r  t o  t h o s e  s p e c i f i e d  i n  thc liIS Tor q u a l i f i c a t i o n .  In  
a d d i t i o n ,  i t  w i l l  i n c l u d e  two l~al loori  f l i g h t  mi-ssions f o r  com- 
p l e t e  e n g i n e e r i n g  e v a l u a t i o n .  
The f u n c t i o n a l  t e s t s  t o  b e  performed a re  t h o s e  d e f i n e d  by t h e  
procedures  g e n e r a t e d  f o r  t h e  end- i tem a.-d system t e s t s  and, i n  
e x e c u t i o n ,  accomplish t h e  a d d i t l o n a l  t a s k  o f  v e r i f y i n g  t h e  t e s t  
p rocedures .  The envi ronmenta l  t e s t s  w i l l  be performed t o  t h e  
q u a l i f i c a t i o n  l e v e l s  d e f i n e d  i n  t h e  EIS, which a r e  based 03 t h e  
ATM s p e c i f i c a t i o n s ,  and acco rd ing  to  t h e  p r e l i m i n a r j -  p rocedures .  
The two b a l l o o n  mis s ions  w i l l  be  conducted accc rd ing  t o  an 
approved f l i g h t  p l a n .  Th i s  t z s t  p l a n  does n o t  i n c l u d e  i n  L t s  
scope p r o v i s i o n  of  t h e  b a l l o o n ,  gondola o r  launch  f a c i l i t y .  
The f i r s t  b a l l o o n  mis s ion  w i l l  f o l l o w  t h e  complet ion o f  a l l  
l a b o r a t o r y  f u n c t i o n a l  and envi ronmenta l  t e s t s .  A; w i t h  t h e  
g.*-ound-based DV-u t e s t s ,  t h e  t e s t  r e s u l t s  and d a t a  w i l l  be  ana lyzed  
as feedback t o  t h e  d e s i g n .  A second b a l l o o n  mis s ion  i s  p lanned  
t o  v e r i f y  d e s i g n  i rprovements  t h a t  resul t  from b o t h  normal d e s i g n  
changes and from d a t a  obtaA.aed i n  t h e  f i r s t  k i l l o o n  f l i g h t .  
3 . 5 . 5  Q u a l i f i c a t i o n  
Q u a l i f i c a t i o n  o f  t h e  Pho:3heliograph d e s i g n  w i l l  be performed 
u s i n g  t h e  Proto-Flight end-item. I t  c o n s i s t s  o f  a s e r i e s  o f  
f u n c t i o n a l  and environmental  t e s t s ,  as s p e A f i e d  in t h e  E X ,  
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and as defined in the approved test procedures .  The f \ \ n c t i o n a l  
tests are as described in Psr. 3.5.-; the environmental tcsts 
include: 
0 Sinusoidal 1-ibration 
* Randon: vibration 
0 Electromagnetic susceptibility 
0 Electromagnetic interference 
Thermal 
Thermal vacuuin 
Specialized acoustics testing may be required on some components, 
but is not planned on the complete system. All test operations 
will be performed using approved procedcres with quality sur- 
veillance. The test results hecome the major inputs to the critical 
design review. 
3.5.6 Acceptance 
Each of the deliverable epd-items, the Proto-Flight and Flight 
Units, must pass a series of acceptance tests as the final steps 
in tho test program. These tests are specified in the EIS ,  and 
ccnsist of both functional and environmental tests. The functional 
tests, s s  described in Par. 3.5.3, are intended to demonstrate 
cnmplete system performance. The environmental t e s t s  are similar 
t o  those coiiducted during qualification, but at reduced limits; 
therefore, the Proto-Flight Unit will not require -I second, separate 
series of acceptance tests. A 1 1  acceptance tests are cmducted 
according to the approved procedures arid under quality surveillance. 
The test results are used as verification that the €.id-items are 
complete an& ready f o r  shiprent . 
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3 . 6  RFLIARTLITY AND QUALITY ASSURANCE PLAN 
FLIGHT 
T h i s  p lan  d e f i n e s  the  e f f o r t s  necessary  t o  produce t h e  reqv'red 
h i g h - r e l i a b i l i t y  end-items. I t  covers the control fcrttrrrcs of 
the program that 3rc adopted from NASA S p e c i f i c a t i o n  Nl1B 5300.  
Ratiicr chan c i t ing every c m t r o l  f ea ture  i n  t h i s  s p e c i f  i c n t  i o n ,  
t h i s  p l a n  v i 1 1  summarize t h c s e  that  are required t o  meet t h e  
r e l i a h i l i t y  q03ls  snd q u a l i t y  standards. Figure 3 - 7  shows t h e  
ifrogran! R z l i a h i ? . i t y  wid Qual i ty  Assurance elements and thc ir  use 
:IS car i t ro l  f a c t o r s  over t h e  underlying program effort. 
1 - 1971 I , 19?2 I ! 1973 I 1974 I , 1975 I 
COtdPLt ?E 
COMPLETE CONPLETE QI:PLIf ICAriOi; 
PROCURENFNT FAB TESTS 
START 
PROCUREMENT 
1 9 VEN30R SURVEYS 8 SbaVE:LlANCE 0 RECEiVlNG INSPECTION 
0 I N  PROCESS INSPECTION 
FND ITEM SURVEILLANCE 
0 MElROLOGY 
0 FAILURE AWALYSIS 
COMPLEX 
COMPLETE COWFLETE ACCEPTANCE 
2ROCUREMENT FABRICPTION T f r T S  
0 CERTIFICATION 
0 HRB ACliV!TY 
0 CORRECTIVE ACTICY 
J I 
I 
F ig .  3 - 7  R e l i a b i l i t y  and Q u a l i t y  Assurance Plan 
, . .. . .e. 
I 
i 
1. 
L T
I '  9 
! 
F 7 1 - 0 2  Vol. I 1 1  
Y 
3 . 6 . 1  Re1 iahi 1 i ty Control 
Reliability control is defined as t h a t  activity which p r o v i d e s  
the program with a check and balance aimcd exclusively a t  achicv- 
ing the maximum system reliability. This is r l i  frcrcntiated from 
the reliability engineering described i n  P:ir. .>..\.S, which is onc 
of the design disciplines. The major influr:nc.(. r c l  i;,hility con- 
trol exerts Over the program is the prcsciicc oI- such pcrsonncl 
a t  all design reviews arid cliangc board rcvicws. 'I'hc spccific 
role that contributes directly toward system reliability is th:tt 
of failure analysis and suggcstions f o r  corrective action. As 
the major watch-dog over failures, reliability control exercises 
a significant role in maintaining system reliability in pursuing 
corrective actions. They emphasize improvement of reliability 
on the next end-item. 
- - .  
3 . 6 . 2  Quality Control 
Quality control is defined as that activity which provides the 
program a check and balance over  hardware activities. The Photo- 
heliograph is defined as Category I1  equipment and, accordingly, 
the quality control pL,n for this program is adopted from NASA 
Specificatiorl NHB 5 3 0 0 .  The major elements of  quality control 
for this program include: 
0 Design review participation - insures the inspec- 
tability of the parts. 
0 Vendor surveys - qualifies prospective vendors 
fr3r high-reliability work. 
0 Vendor surveillance - monitors vendor efforts 
and reports significant deviations. 
. _  . ,. ... . .  - . ,. 
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e Receiving inr-ection - performs incoming inspec- 
tion on all purchased parts to verify compliance 
with purchase specifications. 
0 In-process inspection - performs in-process 
hspections of all fabrication steps to vcrify 
compliance with design drawings. 
0 Certification - witnesses authentication of parts 
trac2ability and maintains certification records. 
0 End-Item surveillance - monitors all end-item 
activities to verify compliance with integration 
and test procedures. 
e Non-conforming Material Report - Initiates MRP 
activity upon witnessing an out-of-specification 
confi-i tion . 
0 Metrology - maintains all measurement equipment 
used on the program in a current, calibrated 
condition. 
3 . 7  CONFIGURATION MANAGEMENT PLAN 
The magnitude of  the Photoheliograph program requires that its 
configuration be controlled throughout the various efforts. The 
configuration management plan defines the major elements o f  this 
control fmction as they apply t o  the program. The two major 
activities are: (3.) configuration control, and ( 2 )  configuration 
identification. The framework of the configuration management 
plan is shown in Fig. 3-8, and the major efforts are described 
below 
-I 
7 
9i 
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3.7.1 Conf igu ra t ion  Con t ro l  
Throughout a complex program such  as t h i s i  t h e  s t a t e  o f  t h e  
eng inee r ing  i s  c o n s t a n t l y  changing. Chaos would occur  i n  t h e  
f a b r i c a t i o n ,  assembly, t e s t  and jiispeztion a c t i v i t i e s  u n l e s s  t h e  
d e s i r e d  eng inee r ing  has  been i d e n t i f i e d .  The re fo re ,  a system 
o f  change c o n t r o l  w i l l  be used  on t h i s  program, and w i l l  evolve  
w i t h  t h e  changing b a s e l i n e s  as i n d i c a t e d :  
0 System des ign  requi rements  b a s e l i n e  - change 
c o n t r o l  based on EIS. 
0 Subsystem des ign  requi rements  b a s e l i n e  - change 
c o n t r o l  based on EIS and subsystem s p e c i f i c a t i o n s .  
0 Pre l imina ry  des ign  b a s e l i n e  - change c o n t r o l  based 
on development r e l e a s e  drawings.  
0 F i n a l  d e s i g n  b a s e l i n e  - change c o n t r o l  based on 
f i n a l  re lease  drawings.  
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a Product  b a s e l i n e  - CDR - Change c o n t r o l  based  on 
drawing s t a t u s  a t  CDR. 
0 Product  b a s e l i n e  - F A C i  - Change c o n t r o l  based  on 11 
n 
drawing s t a t u s  a t  d e l i v e r y  of  t h e  F l i g h t  U n i t .  E 
f .  
The Change Con t ro l  Board (CCB) i s  an assembly of  program pe r sonne l  
which c o n s i d e r s  t h e  v a r i o u s  changes t h a t  o r i g i n a t e  w i t h  t h e  c u s t o -  
mer o r  w i t h i n  t h e  c o n t r a c t o r ' s  team. Cons ide ra t ion  o f  2 change 
d e a l s  w i t h  any s i g n i f i c a n t  change i n  r e l i a b i l i t y ;  change i n  program 
s c h e d u l e  o r  program c o s t ;  and whether  i t  i s  a r e c o r d  change. The 
CCB a l s o  de te rmines  t h e  impact o f  each  change and t h e  board c h a i r -  
man p rocesses  t h e  change accord ing  t o  t h e  r u l e s :  
0 Class 1 - Requires  c o n t r a c t  o f f i c e r  approval  
- Affects t h e  b a s e l i n e ,  i n t e r f a c e ,  form, 
f i t  o r  f u n c t i o n  
- A f f e c t s  program schedu le  o r  c o s t  
0 Class 2 - CCB chairman approval  on ly  
- Not a Cla.ss 1 change ( e .g . ,  r e c o r d  change) 
Conf igura t ion  c o n t r o l  w i l l  on ly  b e  a p p l i e d  t o  t h e  P r o t o - F l i g h t  and 
F l i g h t  Unit  end- i tems .  The DVU i s  an e n g i n e e r i n g  model and s t r i c t  
c o n f i g u r a t i o n  account ing  i s  no t  r e q u i r e d .  The P r o t o - F l i g h t  Uni t  
w i l l  b e  a c o n t r o l l e d  b u i l d ,  a s  an end- i tem;  bu t  t h e  l e v e l  of  change 
c o n t r o l  a p p l i e d  w i l l  be t h a t  f o r  an  e n g i n e e r i n g  model, since 
it  i s  used f o r  q u a l i f i c a t i o n .  
3 . 7 . 2  Conf igu ra t ion  I d e n t i f i c a t i o n  
The eng inee r ing  b a s e l i n e ,  t o  which a l l  program e f f o r t s  are r e f e r e n c e d ,  
must b e  main ta ined  i n  an u p - t o - d a t e  s t a t u s .  Such c o n f i g u r a t i o n  
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i d e n t i f i c a t i o n  i s  cst:tl)Iislicd from t h e  b a s i c  drawing t r e e ,  and i s  
i ipd;itcrl  f o r  each ciigi  n ( \ c * t - i  lig change t h a t  i s  au tho r i zed .  This  
i t l c i i t i f i c a t i o n  l i s t  is 1il;rintairled by t h e  CCB chairman,  and i s  
;Ititliorizcd bv hi111 U o t -  IJSC i n  procurement ,  f a b r i c a t i o n ,  and in spec -  
t i o n  o f  hardwarc.  '1'hc i d e n t i f i c a t i o n  l i s t  i s  a l s o  u s e d  t o  i d e n t i f y  
t h e  " a s - b u i l t "  c o n f i g u r a t i o n ,  as t h e  i n s p e c t i o n  d a t a  arc  compared 
w i t h  t h e  f i n a l  l i s t .  This  " a s - b u i l t "  r e c o r d  i s  t h e  bas i s  f o r  
i d e n t i f y i n g  t h e  d e l i v e r e d  end- i tem,  and is  t h e  b a s e l i n e  f o r  any 
p o s t - d e l i v e r y  changes.  
c 
3 . 8  ADMINISTRATION PLAN 
The a d m i n i s t r a t i o n  of t h e  Photohel iograph  program i s  d e f i n e d  i n  
t h i s  p l an .  I t  i n c l u d e s  t h e  major  t a s k s  o f :  (1)  ma in ta in ing  an 
u p - t o - d a t e  c m t r a c t u a l  agreement between t h e  p a r t i e s ;  ( 2 )  main- 
t a i n i n g  and r e p o r t i n g  t h e  program schedu le  ; and (3) ma in ta in ing  
and r e p o r t i n g  t h e  program c o s t s .  Each of t h e s e  t a s k s  i s  d e f i n e d  
by t h e  o v e r a l l  Phase CGD P lan  shown i n  Fig.  3-1 and t h e  program 
work breakdown s t r u c t u r e  (F ig .  3 - 2 ) .  
3 . 8 . 1  Cont rac t  Cont ro l  
All a s p e c t s  of  t h e  program w i l l  be covered  by t h e  b a s e l i n e  con- 
t r a c t  agreements ,  which re f lec t  t h e  program WBS and t h e  scheduled  
mi l e s tone  e v e n t s .  These b a s e l i n e  agreements will b e  updated by 
a p p r o p r i a t e  c o n t r a c t  changes i n  accordance w i i l l  any changes i n  t h e  
program requi rements .  Any cont rac t  changes w i l l  be i n c o r p o r a t e d  
i n  t h e  WBS and t h e  program schedule .  
3 - 2 5  
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3 . 8 . 2  Schedule  Cont ro l  
One o f  t h e  most c r i t i c a l  elements or o v c v - ; ~ I I  program c o n t r o l  i s  
t h e  schedu le  e s t a b l i s h e d  by t h e  cont rac tu ; i I  m i  I c s t o n e s ,  as augmented 
by more d e t a i l e d  program mi le s tones .  
p o i n t s  du r ing  t h e  program, and w i l l  be uscd as t h e  framework f o r  
time management. During t h e  Photohel iograph  program, a v a r i e t y  
of a c t i v i t i e s  w i l l  be underway a t  any one p o i n t  i n  time. These 
a c t i v i t i e s  can e a s i l y  be o rgan ized  i n t o  v a r i o u s  l o g i c  p a t h s  t h a t  
converge on t h e  mi l e s tone  even t s .  These l o g i c  sequences  form t h e  
b a s i s  f o r  t h e  PERT management t o o l  t h a t  w i l l  be  used t o  t rack t h e  
p r o g r e s s  performance and i d e n t i f y  t h e  problem areas t h a t  l a g  behind .  
'I'hcsc c s t a b l i s h  major check- 
Schedule  r e p o r t i n g  w i l l  be  used  throughout  t h e  program t o  moni;;or 
t h e  p rogres s  toward t h e  milestone g o a l s .  T h i s  r e p o r t i n g  w i l l  be  i n  
t h e  form of PERT camputer r e p o r t s ,  c r i t i ca l  p a t h  r e p o r t s ,  and b a r  
c h a r t s .  These r e p o r t s  w i l l  be d e r i v e d  from t h e  b a s e l i n e  program 
l o g i c  and t h e  major mi l e s tone  d a t e s .  
3 . 8 . 3  Cost Cont ro l  
Coxprehensive c o s t  c o n t r o l  i s  r e q u i r e d  throughout  t h e  program t o  
ma in ta in  a c o s t - e f f e c t i v e  and e f f i c i e n t  use  o f  money a l l o c a t e d  t o  
t h e  program. S ince  t h e  WBS i d e n t i f i e s  each  of t h e  major c o s t  e l e -  
ments w i t h i n  t h e  program, cos t  c o n t r o l  w i l l  b e  based  on t h e  WBS. 
Furthermore,  s i n c e  t h e  most expens ive  v a r i a b l e  i n  t h e  program is  
time, an e f f e c t i v e  management t o o l  f o r  cost c o n t r o l  w i l l  be o b t a i n e d  
by r e l a t i n g  cos t  t o  time performance u s i n g  PERT l o g i c  Gerived from 
t h e  WBS. Each element of t h e  WBS w i l l  have a s t a r t i n g  and complet-  
i n g  mi l e s tone  e v e n t ,  and l a t e s t  a l lowab le  complet ion time. The 
cos t  of  performing t h a t  t a sk  w i l l  be measured w i t h  r e s p e c t  t o  t h e  
3-26 
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o r i g i n a l  e s t i m a t e  a s  t h e  program p r o g r e s s e s  and t h e  time e s t i m a t e s  
vary . 
By measuring c o s t  perforynance as a f u n c t i o n  o r  miles tone  p r o g r e s s ,  
t h e  e n t i r e  program h i s t o r y  and p r o j e c t i o n s  t o  complet ion can be 
e s t a b l i s h e d .  Wi th  t h i s  knowledge, a p p r o p r i a t c  slanagcment d e c i s i o n s  
can be implemented. A l s o ,  a c c u r a t e  estimates of  f u t u r e  funding  
requi rements  w i l l  be r e p o r t e d  t o  t h e  customer i n  a t i inely manner. 
t 
3.9 SPEC1 AL FACI LI TY REQUI REMENTS 
Based upon t h e  d e s i g n  concept  f o r  t h e  Photohel iograph  developed 
dur ing  t h e  s t u d y ,  and on t h e  program p l a n  f o r  Phase CGD, f a c i l i t i e s  
requi rements  do n o t  appear  t o  p r e s e n t  a major problem i n  t h e  Photo- 
h e l i o g r a p h  Phase C$D Program. Other  t h a n  s t a n d a r d  aerospace  f a c i l -  
i t i e s  which w i l l  be  r e q u i r e d ,  t h e  fo l lowing  are worthy of  n o t e :  
0 A l a r g e  v e r t i c a l  vacuum chamber w i l l  be r e q u i r e d  
f o r  t e s t i n g .  This  chamber will i n c l u d e  e i t h e r  a 
h e l i o s t a t  o r  s o l a r  s i m u l a t o r ,  t o  be  i n s t a l l e d  
so t \ a t  r e q u i r e d  p r e c i s i o n  i s  achieved .  
0 High-p rec i s ion  o p t i c a l  t es t  equipment t o  v e r i f y  
subsystem o p t i c s  performance and Photohel iograph  
system performance. 
0 Class 10,000 c l e a n  rooms 
0 Environmental  t e s t  f a c i l i t i e s  f o r  t h e  fo l lowing  tests: 
3 - 2 7  
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0 S i n e  and random v i b r a t i o n  
0 Thermal 
0 Thermal-vacuum 
0 E 1 e c t r oina gnc t i c c ompa t i 11 i 1 i t y  
0 Acoust i cs ( sirlIsystcms only)  
0 S p e c t r a l  c a l i b r a t i o n  f a c i l i t i e s  
0 S p e c i a l  o r d e r  f i l m  p r o c e s s i n g  
3.10 PROGRAM MANAGEMENT 
3.10 .1  Program O f f i c e  
The program o f f i c e  t o  be e s t a b l i s h e d  f o r  Phase CGD w i l l .  have t o t a l  
r e s p o n s i b i l i t y  f o r  p l ann ing ,  o r g a n i z i n g ,  s t a f f i n g ,  d i r e c t i n g  and 
c o n t r o l l i n g  of t h e  program. n l  
i n j_ 
n i  
Phase CGD w i l l  be headed by a program manager who i s  r e s p o n s i b l e  
f o r  management of a l l  a s p e c t s  of t h e  program. The program manager 
w i l l  be a s s i s t e d  i n  v a r i o u s  program management f u n c t i o n s  s t a f f e d  
i 
by p r o j e c t  eng inee r s .  i 
t 
Work assignments  w i l l  be made by program management t o  t h e  v a r i o u s  
n l i n e  o r g a n i z a t i o n s  p a r t i c i p a t i n g  i n  t h e  Phase C$D Program. The program manager and h i s  s t a f f  w i l l  t hen  manage t h e  performance of 
t h e s e  o r g a n i z a t i o n s  i n  con junc t ion  w i t h  cognizant  l i n e  o r g a n i z a t i o n  
management, t o  e f f e c t  t o t a l  Phase CGD management. 
The program o f f i c e  w i l l  be organized  i n t o  two major areas: (1) Oper- 
a t i o n s ;  and ( 2 )  Planning  and Cont ro l .  These two areas w i l l  implement 
M 
C 
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t h e  s p e c i f i c  p l a n s  f o r  t h e  major Phase CGD a c t i v i t i e s  d e f i n e d  
p r e v i o u s l y  i n  Pars .  3 .3  through 3 .8 .  F u r t h e r  d i s c u s s i o n  of t h e  
O p e r a t i o n s  and t h e  P lanning  6 Contro l  a r e a s  o f  program managenrent 
fo l lows  . 
3 . 1 0 . 2  Ope r a t  i ons 
The Opera t ions  ilrci1 of  program managcmcnt w i l l  implement t h e  
e n g i n e e r i n g ,  manuI 'acturing, and t e s t  p l a n s .  T h i s  w i l l  i n c l u d e  
t h e  Photohel iograph  d e s i g n  and cie~relopmcnt, f a b r i c a t i m  and end- 
item t e s t  a c t i v i t i e s  th roughout  Phase CGD. These f u n c t i o n s  are 
f u r t h e r  d e f i n e d  i n  t h e  fo l lowing  paragraphs .  
Engineer ing  Management 
The engineer ,ng management f u n c t i o n  i n  t h e  Opera t ions  a r e a  w i l l  
be r e s p o n s i b l e  f o r  a l l  eng inee r ing  a c t i v i t i e s  and des ign  pfid de-  
velopment. of t h e  Photohel iograph  in s t rumen t .  This  w i l l  i n c l u d e  
management of  t h e  sys tem d e s i g n ,  t h e  d e t a i l  d e s i g n ,  d e s i g n  v e r i f i -  
c a t i o n  a c t i v i t i e s  u t i l i z i n g  t h e  DVU, and q u a l i f i c a t i o n  of  t h e  
P r o t o - F l i g h t  Uni t .  A d d i t i o n a l l y ,  t h i s  area w i l l  be r e s p o n s i b l e  
f o r  des ign  l i? i . son  w i t h  t h e  customer and s u b c o n l r a c t o r s .  Upon 
complet ion of t h e  desigr.,, t h i s  area w i l l  p rov ide  management of 
s u s t a i n i n g  e n g i n e e r i n g  throughout  t h e  f a b r i c a t i o n  and t e s t  phases  
of t h e  Photche l iograph  end- i tems .  
Product ion  Management 
The p r o d u c t i o n  management funce ion  i n  t h e  Opera t ions  a r e a  w i l l  be 
r e s p o n s i b l e  f o r  t h e  f a b r i c a t i o n  o f  t h e  Photohel iograph  DVU, P ro to -  
F l i g h t  and F l i g h t  Uni t  end- i tems .  This  area w i l l  p rov ide  i i? i i son 
w i t h  eng inee r ing  pe r sonne l  du r ing  t h e  d e s i g n  phases ,  and w i l l  p r o -  
v ide  management of  s u s t a i n i n g  p roduc t ion  s u p p o r t  dykring t h e  system 
b-. 
' .-
fa< 
t 
i n t e g r a t i o n  and t e s t  p h a s e s .  Product ion  management w i l l  a l s o  
provide  s u b c o n t r a c t  1 i ;I i S O H  ;is rcuu i r c d .  
'1'11~ e n d -  i tciii t 1 - 5 1  i i i ; i i i ; i ~ c ~ i w n t  T u n c t i o n  i 11 t h c .  : ) ! ) ( & 1 - ; i t  i o n s  arc;a w i l l  
bc rcspoiis i i j  11. I*or I 'liotoiicliograph s y s t e m  i i l l  ( 9 p . r ; i t  i o i l ,  a l i g r m e n t ,  
c;i1 i h r a t i o i i  ;inti t tbst ing a c t i v i t i e s .  T h i s  tirc;i wi ! 1 pcrform c u s t o -  
wcr l i a i s o i i  r c ~ l a t i n g  t o  t h e s e  a c t i v i t i e s  , a s  wcl I P S  -;imilar 
liaison f o r  s u b c o n t r a c t s .  Tzs t  management i s  a l s o  r c s p n s i b l e  
f o r  t c s t  p l a n s ,  s p e c i f i c a t i o n s ,  and procedures .  
3 .10 .3  P lanning  6 Cont ro l  
The Planning  6 Cont ro l  area of program managerh?e,it w i l l  implement 
t h e  r e l i a b i l i t y  and q u a l i t y  a s su rance ,  c o n f i g u r a t i o A i  management 
and a d m i n i s t r a t i o n  p l a n s .  This  w i l l  i n c l u J e  program p lann ing  and 
program c o n t r o l  th roughout  Phase C 6 D .  The Planning  6 Cont ro l  
f u n c t i o n s  a r e  f u r t h e r  d e f i n e d  1 n t ~ i -  paragraphs  below* 
R e l i a b i l i t y  and Q u a l i t y  Assurance Maragement 
The r e l i a b i l i t y  and q u a l i t y  assurance  management f u n c t i o n  i n  'i 5 e 
P lanning  6 Contro l  a r e a  i s  planned t o  b e  r e s p o r s i b l e  f o r  t h e  P lanning  
an3 implementat ion of a l l  r e l i a b i l -  cy and q u a l i t y  assuyance requires-  
ments. This  a r e a  w i l l  p rov ide  customer l i a i s o n  f o r  these a c t i v i t i e s ,  
and will perform s i m i l a r  l i a i s o n  on s u b c o n t r a c t s .  R e l i a b i l i t y  
and q u a l i t y  a s su rance  management w i l l  be r e s p o n s i b l e  f o r  t h e  gener;- 
t i o n  and m a i n h n a n c e  c f  t h e  cus tomer -apprmed  p l a n s  govern ing  r e l i -  
a b i l i t y  and q u a l i t y  a s s t r a n c e .  
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Confi g u r a t  ion  blanagc mcn t 
The c o n f i g u r a t i o n  n;in;igctiivt1t 1-i1i ic-t  i o n  i I I  P l a n n i n g  G Contro l  i s  
r e s p o n s i b l e  f o r  ma in ta in ing  i d c n t i f i c ; i t i o r i ,  c o n t r o l  and 
a c c o u n t A i l i  t y  01- a 1  1 program Joc;iiiicwtation. ‘This ;ii.ca will a l s o  
h e  r c s p o n s i h l c  f o r  t h e  conf igur t l t  ion nnnagement p l a n ,  The Change 
Au thor i za t ion  Board, and t h e  p r o p e r  d i s p o s i t i o q  of t h c  r e s u l t a n t  
Jacumentat ion  changes.  Customer and s u b c o n t r a c t  l i a i s o n  on con- 
f i g u r a t i o n  management w i l l  a i s0  be provided .  
Admir is  t r a t  i o n  
The admir . i tb ra t ion  f u n c t i m  i n  t h e  P ianning  6 Cont ro l  area i s  
r e s p o n s i b l e  f o r  t h e  p r o p e r  implementa t iwi  of Phase CGP c o n t r a c t  
requi rements  i n t o  t h e  program. Th i s  i n c l u d e s  work a u t h o r i z a t i o n  
t o  t h e  l i n e  i r g a n i z a t i o c s  and subsequent  performance moni tor ing .  
A l l  PERT s 4 3 u l e  and PhRT c o s t  e f f c r t  w i l l  be  performed by t h i s  
area,  t o  p rov ide  e f f e c t i v e  schedu le  and c o s t  c o n t r o l  th roughout  
Phase CGD. Custome; and s u b c o n t r a c t  l i a i s o n  r e l a t i n g  t o  t h e  
above a::ivities w i l l  a l s o  be provided .  
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S e c t i o n  4 
PRO GRAM S CI 11: DU L l i  
The schcdule  f o r  t h e  program p l a n  siimtii;ir i zccl i n  Scbct i o n  3 ,  has  been 
developed from t h e  l o g i c  diagrams bascd on tirc NRS. 'I'tic l o g i c  
diagrams f o r  t h e  e n t i r e  program have been combinctl i n t o  ;I se t  of 
networks.  Each network is  c h a r a c t e r l z z d  by a s t a r t  a i i d  complete 
mi l e s tone .  The networks are combined i n t o  a complc tc  IWU opera -  
t i o n  t h a t  h a s  been used  t o  i t e r a t e  t h e  program s c h c d u l c  and t o  
ana lyze  t h e  c r i t i c a l  p a t h s .  
4 . 1  MASTER SCHEDULE AND MILESTONES 
The major m i l e s t o n e s  f o r  t h e  Photohel iograph  Phase C 6 D  Prograin are 
i d e n t i f i e d  i n  Fig.  3-1. The o v e r a l l  time-frame, f o r  p l ann ing  pu r -  
poses :  runs  from t h e  beginning  of t h e  second q u a r t e r  o f  1971 through 
t h e  end of t h e  f o u r t h  q u a r t e r  of 1974,  a t o t a l  o f  f o r t y - f i v e  months 
through F l i g h t  Vni t  end- i tem d e l i v e r y .  Th i s  t o t a l  t ime-frame i s  
connensura te  w i t h  t h a ;  expe r i enced  on Skylab-A exper iments .  The 
majcr a c t i v i t i e s  p lanned  du r ing  Phase CGD are as shown p r e v i o u s l y  
i n  Fig.  3-1. These c o r r e l a t e  t o  Level  2 of the work breakdown 
s t r u c t u r e .  A b r i e f  d i s c u s s i o n  of each  of t h e s e  major a c t i v i t i e s  
fo l lows  . 
The o v e r a l l  system d e s i g n  phase f o r  t h e  Photohel iograph  w i l l  be  
accczplishei!  zt t h e  o u t s e t  of P h s e  CGD. T h i s  phase w i l l  r e s u l t  
i n  t h e  v a r i o u s  s y s t e m  and subsystem s p e c i f i c a t i o n s  d e f i n i n g  t h e  
des ign  parmeters .  
The d e t a i l  des ign  phase i s  planned t o  beg in  a f t e r  approximate ly  
f h r e e  months and run t:, complet ion of  t h e  c r i t i c a l  des ign  r e v i m  
mi le s tone .  This  phase w i l l  r e s u l t  i n  t h e  re lease of  e n g i n e e r i n g  
4-1 
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drawings r e q u i r e d  foi. f a b r i c a t i o n  of t h e  Photohel iograph .  !! major 
m i l e s t o n e  d u r i n g  t h e  d c t a i l  rlcsign pkasc w i l l  be t h e  developmenc 
re lease of  t h e  i n i t i : i l  c n g i i i c ~ c ~ i . i i i g  t l i - ; i ivings f o r  use on t h e  DVU. 
The DVU phase  is p l a n n c d  to i -1111 p : i1 .11  I C :  1 w i  tli t h e  dct;ii 1 d c s i g n  
phase.  ' I h i s  pliasc. w i l l  ~ :oncludc with t - l i c  coiiiplctioii or system 
t e s t i n g  of the I ~ l ~ c t o h c l i o g r - ~ i p l ~  INU. 
The P r o t o - F l i g h t  Uni t  phase i s  nomir,ally planned for e i g h t e e n  months. 
Th i s  phase w i l l  o v e r l a p  t h e  DVU phase through complet ion o f  t h c  DVU 
b a l l o o n  t e s t s .  The P r o t o - F l i g h t  phase w i l l  conclude upon complet ion 
of q u a l i f i c a t i o n  t e s t i n g ,  t h e  c r i t i c a l  d e s i g n  review and d e l i v e r y  
of  t h e  P r o t o - F l i g h t  Un i t .  
The F l i g h t  Uni t  :.!-.:qe i s  a l s o  p lanned  f o r  a nominal e i g h t e e n  months, 
concluding  a t  t h e  .nd  of 1974. Th i s  phase o v e r l a p s  t h e  P r o t o - F l i g h t  
phase by  approxiinately t h r e e  months i n  t h e  l o n g - l e a d  procurement and 
e a r l y  f a b r i c a t i o n  s t a g e s .  The F l i g h t  Un i t  phase concludes  w i t h  t h e  
complet ion of  accep tance  t e s t i n g  and d e l i v e r y  of  t h e  F l i g h t  U n i t  
Photohel iograph .  
R e l i a b i l i t y  and q u a l i t y  a s s u r a n c e ,  documentat ion,  and program 
management run throughout  t h e  d u r a t i o n  o f  t h e  Photohel iograph  Phase 
C 5 D  Program, concluding  w i t h  t h e  d e l i v e r y  of  t h e  F l i g h t  Un i t  
Photohel iograph  a t  t h e  end o f  1974. 
The o v e r a l l  Photohel iograph  Phase CGD Program, as p l anned ,  is  
commensurate w i t h  a launch  du r ing  t h e  second q u a r t e r  1976. 
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4 . 2  PERT NET'WORKS 
The PERT networks gencrtltctl I - J . ~ ) I I I  I I i r k  I og i c pi i ths  were integrated 
into the total progr:im l ' l : i < ' i '  o l ~ ( * i ~ : t  t i o t i .  ' l ' l t c  networks that make up 
this total PERT are i r i c l i ~ . ; i t  L*J  i I I  'I*:il) IC. 4 - 1 .  'I'hcse networks combine 
all Level 3 activiticbs i l l  t l i c .  WhS. A slimmar-y nctwork, Fig. 4-1, h a s  
been developed from t l i c s c b ,  which i s  nrialogous to the WBS Level 2 and 
the .)rogram plan i n  1:ig. 3-1. 
4 
Table 4-1 
PHOTOHELIOGRAPH PHASE CGD PROGWV PERT NETWORKS ' E  
i 
i PERT Subnets PERT Charts 
I Support Modale Telescope Module Instrumentation Module 
~ 
System Design (1X-XX) 
.% .. 
Telescope Module 
Instrumentation Module 
Support Module 
Detail Design (2X-XX) 
Telescope Module 
Instrumentation Module I Support Module DVU (3X-XX) 
Telescope Module 
Instrumentation Module I Support Module I !w P r o  to type (4X - XX) 
Telescope Module 
Instrumentation Module 
Support Module 
Flight (SX-XX) 
Reliability and Quality 
Program Management 
Documentation and Program Management Assuracce, lhcumentation and 
Reliability and Quality Assurance, 
( 6 X - X X ,  7X-XX, SX-XX)  
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4 . 3  S C l l l i l ~ U L l i  ANA1,YS I S 
F 
Analys is  o f  tlic program sc I i c . t l u l c~  w;is pc' I '  I - ~ I - I I K ~ ~ I  ct..u:imining each 
o f  t h e  l o g i c  p a t h s  i n  each nctwot-k. ' I ' i i c \  :iiitt' ( . . i t  im: i tcs f o r  each 
work t a s k  and thc  sequcncc o f  t h c  wovh wv I - C ~  t ' c - v  i c w C t J  t o  c n s u r e  
t h a t  thc F'inrrl m i l e s t o n e  ( F l i g h t  U n i t  c n ~ l - i ~ ~ * t t i  t l . 1  i v c r y )  could  be  
met,  and t o  e n s u r e  t h a t  each i n t e r i m  m i l c s t o i i v  : i10~ig thc  way m u l d  
be met.. Logic p a t h s  t h a t  r e q u i r e d  more t i i i ic  t l l i i i i  was a v a i l a b l e  
between m i l e s t o n e s  were a d j u s t e d  o r  r e - e s t i m a t e d  t o  ach ieve  a n  
o v e r a l l  program schedu le .  Other  l o g i c  p a t h s  t h a t  s t a r t e d  p rema tu re ly  
f o r  a g iven  m i l e s t o n e  were de layed  i n  o r d e r  t o  smooth o u t  t h e  man- 
power load ing .  
The complete s e t  of  l o g i c  p a t h s  was i t e r a t e d  u n t i l  a l l  p a t h s  were 
" p o s i t i v e "  w i t h  r e s p e c t  t o  t h e  major program m i l e s t o n e s ;  t h a t  i s ,  
t h e r e  was cont ingency  t ime t o  per form t h e  a c t i v i t i e s  i n  each p a t h .  
The am mt of cont ingency  time i n  a program a c t i v i t y  i s  a measure 
of  t h e  p r o b a b i l i t y  o f  x e e t i n g  t h e  m i l e s t o n e  d a t e  t h a t  completes  
t h a t  a c t i v i t y .  Our a n a l y s i s  of t h i s  program i s  summarized i n  
Fig. + - 2 ,  where t h e  cont ingency  t ime i s  shown f o r  t h e  t h r e e  Photo-  
h e l i o g r a p h  modules f o r  each end- i tem.  The c h a r t  d e s i g n a t i o n  "good 
shape" i n d i c a t e s  t h a t  a l l  l o g i c  p a t h s  have 1 0  p e r c e n t  o r  more con-  
t i ngency  t ime; " c r i t i c a l "  i n d i c a t e s  v i r t u a l l y  no cont ingency  time. 
The I n s t r u m e n t a t i o n  Moduie f o r  t h e  DVU h a s  a " c r i t i c a l "  r a t i n g ,  
due t o  t h e  time n e c e s s a r y  t o  deve lop  the  u n i v e r s a l  f i l t e r .  S i m i l a r l y ,  
t h e  Telescope  Module f o r  t h e  DVU is  m a r g i n a l ,  due t o  t h e  time n e c e s s a r y  
t o  deve lop  t h e  image motion compensation system. These c r i t i c a l  l o g i c  
p a t h s  are w i t h i n  t h e  r e q u i r e d  o v e r a l l  program s c h e d u l e ,  b u t  deve lop -  
ment i n  advance would p rov ide  a wider  time margin. A l l  o t h e r  l o g i c  
c a t h s  h .  ;e h e a l t h y  amounts of cont ingency  t i m e ,  as can be seen  i n  
4-7, where t h e  p l ann ing  s t a t u s  of t h e  s e v e r a l  hundred major 
f !: is shown versus weeks or' cont.ingency t ime. With t h i s  . 
3 r  ac o f  s chedu le  a n a l y s i s  w e  can c o n f i d e n t l y  p r e d i c t  t h a t  the  
- .  h Phase CGD Progrant can be c a r r i e d  o u t  a s  planned.  
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